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AccuracyAbstract Aim: The purpose of the present in vitro study was to measure the accuracy and repro-
ducibility of three periodontal probes. To eliminate environment- or examiner-related probing
errors, two aluminum blocks with predrilled holes of varying depths were examined by participants
who had been trained in probing before the study. This methodology improved the likelihood that
any probing errors identiﬁed were generated by the probes themselves.
Materials and methods: Three probes, Williams 14 W (Hu-Friedy Mfg. Co., LLC, UK), Chapple
UB-CF-15 (Implantium, Shrewsbury, UK), and Vivacare TPS (Ivoclar Vivadent, Enderby, UK),
were randomly distributed to 23 participants (9 males and 14 females; mean age: 31.35 years). Par-
ticipants measured 30 holes in two aluminum blocks, average 20 days, SD = 341.05. For each hole,
the mean measured depth was calculated for each participant and compared to the true depth.
Intra- and inter-examiner accuracy and reproducibility for each of the duplicate measurements were
calculated. Data were analyzed by paired-samples t-test with the SPSS 18 software package (IBM
Portsmouth, UK). A p-value <0.05 indicated statistical signiﬁcance. Tables were constructed from
the data.
Results: When used by participants, the Williams 14 W probe was reproducible but not necessar-
ily accurate; Vivacare TPS was neither accurate nor reproducible; and Chapple UBCF-15 was both
accurate and reproducible.
Conclusion: Depth measurements with the Chapple UB-CF-15 probe were more accurate and
reproducible compared to measurements with the Vivacare TPS and Williams 14 W probes. This
20 K.N. Al Shayeb et al.in vitro model may be useful for intra-examiner calibration or clinician training prior to the clinical
evaluation of patients or in longitudinal studies involving periodontal evaluation.
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measure the probing depth.1. Introduction
The periodontium is an attachment apparatus, involving tissues
that support and invest the teeth. It consists of bone, periodon-
tal ligament, cementum, and gingiva (Glossary of Periodontal
Terms, 2001). Any disturbance to the periodontium may result
in periodontal disease, which is a broad term describing a group
of disorders that exacerbate an inﬂammatory response within
the periodontium (Kinane and Marshall, 2001). The severity
of periodontal damage can be categorized on the basis of the
clinical attachment loss (CAL), gingival recession, and probing
depth (Armitage, 1999). As an essential part of the periodontal
examination, the CAL of the periodontium surrounding the
tooth is measured by probing (Anderson and Smith, 1988).
The gain or loss in attachment reﬂects successful therapy or dis-
ease progression, respectively.
Periodontal probes are highly speciﬁc and highly sensitive
diagnostic tools (Aeppli et al., 1985) that are used to measure
periodontal disease. However, the use of a periodontal probe
has limitations, and probing measurements may be affected
by numerous factors. Probe-related factors include the accu-
racy of the marking intervals and the probe thickness. Exam-
iner-related factors include the angle of the probe, force of
probing, accuracy of the reference point, experience of the
examiner, and probing pattern. Environmental factors include
subgingival obstruction, root anatomy, the condition of the
tissue at the deepest part of the pocket, and any pain provoked
by probing (Gabathuler and Hassell, 1971; Listgarten, 1972,
1980; Van Der Velden and De Vries, 1978; Goodson et al.,
1982; Theil and Heaney, 1991).
To increase the measurement accuracy, the measurement
error must be reduced. More than 20 types of periodontal
probes are available on the dental market (Atassi and Almas,
1997). Therefore, it is evident that there may be no universal
consensus on an ideal probe type for measurement purposes.
Hence, there is an urgent need for a superior measurement
device. The probe measures a relatively small space and, thus,
any minor change in its design may signiﬁcantly modify the
ﬁnal measurement.
According to Buduneli et al. (2004), the accuracy of probing
varies according to the type of probe used. For example, in that
study, 12 out of the 17 examiners were shown to be more accu-
rate with a WHO probe compared to a Williams probe. This
ﬁnding may be related to the differences in probe design, as
the WHO probe displays clear black and white markings with
2 distinct bands, whereas the Williams probe displays only black
lines with more intervals between markings.
The purpose of the present in vitro study was to measure the
accuracy and reproducibility of three different types of
periodontal probes. To eliminate environment-related probing
errors, two aluminum blocks with predrilled holes of varying
depths were employed. To reduce examiner-related errors,
participants were trained before the study began. In this
way, the study was conﬁned to identifying probing errors that
were generated by the probes.2. Materials and methods
Two aluminum blocks (4 · 6 · 2 cm) were designed with 15
precision-engineered holes (hole Nos. 1–15 and 16–30 for
Block A and B, respectively) at 10-mm intervals (Fig. 1). The
diameter of each hole was 1.10 mm. The depth ranged from
2.75 to 10.00 mm in 0.5-mm increments, randomly allocated
between blocks. The ﬂoor of the holes was ﬂat. A tolerance
of ±0.01 mm was maintained in the manufacturing of the
blocks, simulating the blocks used by Samuel et al. (1997).
The study included 23 participants (9 males and 14 females)
with a mean age of 31.35 years, from The Barts and The
London School of Medicine and Dentistry, QMUL, London.
Participants included general dental practitioners, postgradu-
ates in periodontics and prosthodontics, and periodontal
specialists. All of the participants were trained in using
periodontal probes. They were introduced to the speciﬁc
probes used in this study and their marking systems just prior
to the conducted study.
Three different probes were used in this study: Williams
14 W (WP; Hu-Friedy Mfg. Co., LLC, UK), UB-CF-15 Chap-
ple (CP; Implantium, Shrewsbury, UK), and Vivacare TPS
(VP; Ivoclar Vivadent, Enderby, UK) (Fig. 2). The WP is a
conventional ﬁrst-generation probe, whereas the others are
pressure indicator probes. One probe from each type was used,
and the same probe was used throughout the study to ensure
consistency. The WP has grooved markings with no color con-
trast; the marks are at 1, 2, 3, 5, 7, 8, 9, and 10 mm (Fig. 2a).
The CP has markings at each 1 mm of the probe up to 15 mm,
with a black band between 4–5, 9–10, and 14–15 mm (Fig. 2b).
The VP has black marks at 1, 2, 3, 7, and 8 mm, white bands
on marks 5, 10, and 11 mm, and black bands between 4–5, 5–6,
9–10, 10–11, and 11–12 mm (Fig. 2c).
Before the study was conducted, examiners were given as
much time as they needed to familiarize themselves with the
probes. Furthermore, they were neither aware of the actual
probing depth nor the range of the measurements in the blocks.
Examiners were asked to measure the holes in Blocks A and B.
The process was repeated until all three probe types were used
by each of the participants. Probes were randomly distributed
a b c
Figure 2 Illustration of the probes used to measure the probing depth. (a) Williams 14 W [Hu-Friedy Mfg. Co., LLC, UK] (WP).
(b) UB-CF-15 [Implantium, Shrewsbury, UK] (CP). (c) Vivacare TPS [Ivoclar Vivadent, Enderby, UK] (VP).
In-vitro accuracy and reproducibility evaluation 21to the participants by one of the investigators. Probes were ran-
domly distributed to the participants by one of the investigators
(KA). Participants were asked to repeat the exercise following
the same procedure after an interval of 1 week to 3 months
(average 20 days, SD= 341.05]), depending on their availabil-
ity.follow up time may change the results Table 1.
2.1. Statistical analysis
The accuracy and reproducibility of probing depth measure-
ments for each hole were calculated and analyzed by using
paired-samples t-test with SPSS 18 software (IBM Ports-
mouth, UK) and a statistical signiﬁcance of (p< 0.05).
For each probe type, the mean value of the initial reading
given by participants was paired with the following means at
95% conﬁdence interval:
(1) The standard measurements of the blocks.
(2) The actual measurement when rounded up.
(3) The actual measurement when rounded down.
(4) The repeated measurements by participants (Tables 2–4).
3. Results
The average probing depth for each hole was calculated for all the 23
participants at the initial and repeated measurements and compared
against each other. Further analysis of the data compared the partici-
pants’ responses when making a decision of whether to record an
upper or lower measurement value when no precise measurement
could be made due to the markings on the blade of the three probes.
Total probing depth were therefore calculated based on (1) calculated
when the probing depth was rounded to a lower value (fractions were
eliminated) and (2) when the probing depth was rounded to a higher
value (fractions were considered as whole numbers). The rationale
for this analysis was based on an assumption that where there was
agreement with an exact probing depth values this would indicate that
the measurement was accurate. Furthermore, when there was agree-
ment with the repeated measurement value this would indicate that
the measurement was reproducible. The data would suggest that when
there is a rounding up to higher value there is tendency to overestimate
the depth of the pocket and conversely with a rounding down to a low-
er value there is a tendency to underestimate the depth of the pocket.
The results indicated that the VP data was more reproducible only
to the rounded higher values and not to the actual standard values
(e.g., tendency to overestimate) however, there was a signiﬁcant differ-
ence between the initial and repeated measures indicating that the
readings were inaccurate (Table 2).
Moreover, the results demonstrated that there was a signiﬁcant dif-
ference when using the WP compared to the actual values and when
the data were rounded to the higher or lower values. Although theprobe was reproducible when comparing the initial to the repeated
measurements however it was not accurate when initial and standard
reference measurements (Table 3).
Finally, the CP data demonstrated reproducible values compared
to the actual readings but not with the rounded higher neither rounded
nor lower values. No signiﬁcant differences were noted between the ini-
tial and repeated measurements that would suggest that the measure-
ment of probing depth using the CP was both accurate and
reproducible (Table 4).4. Discussion
The methodology used in the present study to compare the
accuracy and reproducibility of selected probe types was based
on a methodology utilized by Samuel et al. (1997). The WP
was common to both studies. This probe is the standard peri-
odontal probe used in the Periodontology Departments at the
Eastman Dental Institute for Oral Health Care Sciences, UCL,
London and The Barts and The London School of Medicine
and Dentistry QMUL, London.
It was impossible for this study to recreate the exact condi-
tions of the previous study in terms of the lighting and the
experimental setting. Another difference between the studies
was that the period between the initial probing and the re-
peated probing by participants was not ﬁxed (Samuel et al.,
1997; Buduneli et al., 2004). This varying interval was due to
(1) the large number of the participants in this study, and (2)
the difﬁculty in arranging for participants to attend both eval-
uations using the selected probes within an allocated time per-
iod. Several of the participants were part-time and only
available on certain days. The time period for the repeated
probing ranged from 1 week to 3 months subsequent to the ini-
tial probing evaluation with an average of 20 days and
SD= 341.05. One possible suggestion for future studies would
be to either limit the number of participants or probes, to en-
able the observer to have a speciﬁc time frame. This approach
would standardize the time period between measurements and
reduce any possible bias.
Previous studies have not provided any information regard-
ing the order in which the probes were used (Buduneli et al.,
2004; Eickholz and Kim, 1998; Samuel et al., 1997; Van Der
Velden and De Vries, 1978). In the present study, a randomi-
zation process was utilized to randomize the order of the
probes given to the participants. This study used similar blocks
to those used by the Samuel et al. (1997) study; however, in the
study conducted by Buduneli et al. (2004), the base of the
blocks was made of plastic rather than metal. The ability of
the plastic to deform with a probing force over 45 g may be
Table 1 The sum of the exact measurement of each hole and the sum of the holes when rounded to the reading is higher or rounded to
the lower followed by the sum measurement of the participants.
Probe type Hole no. Total standard Total of participants
Exact measure Rounded lower Rounded higher Initial Repeated
Vivacare TPS 1 63.25 46 69 68.5 71.5
2 92 92 92 102 99
3 115 115 115 124.5 121.5
4 69 69 69 77.25 76.5
5 74.75 69 92 84.5 85.5
6 138 138 138 146 149
7 161 161 161 172 169
8 120.75 115 138 130 134.5
9 212.75 207 230 221 217.5
10 189.75 184 207 203 195
11 97.75 92 115 107 106
12 103.5 92 115 117.75 108
13 195.5 184 207 200 199.5
14 126.5 115 138 139 133.25
15 178.25 161 184 185 186.5
16 80.5 69 92 87 86.25
17 109.25 92 115 115 114.25
18 201.25 184 207 203 201.5
19 143.75 138 161 151.5 153.5
20 218.5 207 230 221 220.5
21 86.25 69 92 92.5 87.75
22 149.5 138 161 155 152.25
23 224.25 207 230 231 228.5
24 207 207 207 219.5 214
25 184 184 184 201 195
26 132.25 115 138 142.5 134
27 166.75 161 184 180 175
28 155.25 138 161 164.5 165
29 172.5 161 184 180.75 179.5
30 230 230 230 244 239
Chapple 1 63.25 46 69 71 70
2 92 92 92 93 89.75
3 115 115 115 116 115.5
4 69 69 69 70.5 67.75
5 74.75 69 92 75.75 70
6 138 138 138 136.5 133.75
7 161 161 161 162 160.75
8 120.75 115 138 118.25 118.5
9 212.75 207 230 208.75 207.25
10 189.75 184 207 185 186.5
11 97.75 92 115 95.25 102.5
12 103.5 92 115 105.5 109.75
13 195.5 184 207 196.5 196
14 126.5 115 138 131 128.75
15 178.25 161 184 184 184.5
16 80.5 69 92 86.5 85.75
17 109.25 92 115 117 113
18 201.25 184 207 199 198.5
19 143.75 138 161 138.5 139.5
20 218.5 207 230 216 218
21 86.25 69 92 92.5 89.5
22 149.5 138 161 152 146.75
23 224.25 207 230 229 225
24 207 207 207 199 206.75
25 184 184 184 179 183.5
26 132.25 115 138 135 133.25
27 166.75 161 184 165 165.5
28 155.25 138 161 159 160.5
29 172.5 161 184 173.5 179.75
30 230 230 230 228.5 226.5
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Table 1 (continued)
Probe type Hole no. Total standard Total of participants
Exact measure Rounded lower Rounded higher Initial Repeated
Williams 1 63.25 46 69 69 69
2 92 92 92 97 98
3 115 115 115 121.5 118.5
4 69 69 69 72.4 72
5 74.75 69 92 79.2 76
6 138 138 138 147 147.5
7 161 161 161 167 167.5
8 120.75 115 138 120.5 127
9 212.75 207 230 212 211
10 189.75 184 207 192.5 198
11 97.75 92 115 105.5 103.5
12 103.5 92 115 110.5 110.5
13 195.5 184 207 202 198
14 126.5 115 138 129 130.25
15 178.25 161 184 184 180
16 80.5 69 92 83 87.25
17 109.25 92 115 113.25 117.75
18 201.25 184 207 200 202
19 143.75 138 161 147 149.5
20 218.5 207 230 220 220
21 86.25 69 92 86 96.25
22 149.5 138 161 154 157.25
23 224.25 207 230 230.01 228.52
24 207 207 207 212 208.5
25 184 184 184 183.5 186
26 132.25 115 138 135.5 136
27 166.75 161 184 169.8 171
28 155.25 138 161 163 161
29 172.5 161 184 175 174.5
30 230 230 230 232.02 238.03
Table 2 95% Conﬁdence interval for the probing depth when
using a Vivacare TPS probe (VP).
Paired groups using VP 95% Conﬁdence interval
Lower Upper Sig. (2-tailed)
Standard-initial 10.22 7.58 0.000
Lower-initial 19.62 15.43 0.000
Higher-initial 3.53 2.22 0.643
Initial-repeated 0.94 3.56 0.001
Table 3 95% Conﬁdence interval for the probing depth when
using Williams 14 W probe (WP).
Paired groups using WP 95% Conﬁdence interval
Lower Upper Sig. (2-tailed)
Standard-initial 4.83 2.79 0.000
Lower-initial 15.09 9.79 0.000
Higher-initial 1.6 7.26 0.003
Initial-repeated 2.17 0.36 0.156
Table 4 95% Conﬁdence interval for the probing depth when
using UB-CF-15 Chapple probe (CP).
Paired groups using CP 95% Conﬁdence interval
Lower Upper Sig. (2-tailed)
Standard-initial 2.18 0.87 0.385
Lower-initial 12.96 5.6 0.000
Higher-initial 4.5 10.67 0.003
Initial-repeated 1.1 1.47 0.773
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force and the estimation of pocket depth.
From a practical viewpoint, accurate and reproducible
measurements rely to some extent on the correct reading of
the markings on the probe. In the present study, because the
individual depths of holes varied, the participants had todecide whether to round the probing measurement up or
down, particularly if the measurement was between the mark-
ings of the different probes. This rounding introduced a degree
of error, but it was useful to determine whether individuals
were consistent with their measurements.
The VP is considered to be the standard probe for deter-
mining probing pressure (John and Schlagenhauf, 2005; Al
Shayeb et al., 2012) and reducing patient discomfort (Atassi
and Almas, 1997). However, there are no studies measuring
the accuracy of the probing depth with the VP. In this paper,
when the probing depth was measured with VP, there was a
signiﬁcant difference between the initial and second measure-
ments of the probing depth in the blocks. In addition, there
was a tendency to overestimate the readings when the VP
was used, and most of the operators reported that they were
unfamiliar with the marking system on the probe.
24 K.N. Al Shayeb et al.In contrast, most participants were very familiar with the
WP. Although the results demonstrated an agreement between
the initial and repeated measurements (reproducibility), consis-
tent with the study by Buduneli et al. (2004), there was a sig-
niﬁcant difference from the actual measurement and from
the ﬁnal measurement when the measurement was rounded
(up or down). This ﬁnding, to some extent, disagrees with re-
sults given by Samuel et al. (1997), who observed that inexpe-
rienced examiners were signiﬁcantly more accurate when using
a William’s probe. Samuel’s study stated that the WP is
accurate.
In this study WP is reproducible but not accurate. The CP,
a new pressure indicator probe introduced to the UK, demon-
strated agreement between the initial probing and the exact
measurement, as well as with the repeated reading (i.e., it
was accurate and reproducible). However, a signiﬁcant differ-
ence between rounded values was observed.
5. Conclusion
The aim of the present study was achieved by measuring the
reproducibility and accuracy of three selected probes.
(1) Operators using the VP were neither accurate nor repro-
ducible. There was a tendency to overestimate the prob-
ing depth of the aluminum blocks.
(2) Whereas the WP was reproducible when measuring the
probing depth in the aluminum blocks, it was not accu-
rate when compared to the standard measurement
reference.
(3) The CP demonstrated both accurate and reproducible
results when measuring the probing depth in the alumi-
num blocks.
(4) This in vitro model may be useful for intra-examiner cal-
ibration and clinician training prior to the clinical eval-
uation of patients or in longitudinal studies involving
periodontal evaluation.
(5) A clear and readable marking system on the probe is
essential for an accurate and reproducible measurement
of the probe depth.
6. Suggestions for further studies
Several improvements of the methodology employed during
the present study could be evaluated in further studies. The
incorporation of plastic or silicone in the base of the metal
blocks (Buduneli et al., 2004) or the use of a periodontal model
with speciﬁcally created probing depths may enable investiga-
tion of the relationship between the probing pressure and
probing depth (Mombelli et al., 1992). The present methodol-
ogy using the selected probe types could be incorporated into
an in vivo study comparing trained and untrained examiners.
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